when approaching the HOMO or LUMO resonance of the molecular wire (28). The increased conductance at higher bias voltages then compensates for the molecular wire length increase in Fig. 4B (a factor of 40 is not sufficient for the achieved current increase). Thus, such a setup allows the determination of the small conductance (8.6 × 10 -13 S) of a single and the same molecular wire with 20 nm length (the conductance at small bias voltages cannot be measured over such a large distance, due to the extremely low current-below the detection limit-passing through the polymer in this case). In this regard, it would be interesting to prepare and study conjugated polymers with smaller HOMO-LUMO gaps. Such molecular wires should exhibit higher conductances and allow charge transport to be determined over even larger distances. Hominin footprints offer evidence about gait and foot shape, but their scarcity, combined with an inadequate hominin fossil record, hampers research on the evolution of the human gait. Here, we report hominin footprints in two sedimentary layers dated at 1.51 to 1.53 million years ago (Ma) at Ileret, Kenya, providing the oldest evidence of an essentially modern human-like foot anatomy, with a relatively adducted hallux, medial longitudinal arch, and medial weight transfer before push-off. The size of the Ileret footprints is consistent with stature and body mass estimates for Homo ergaster/erectus, and these prints are also morphologically distinct from the 3.75-millionyear-old footprints at Laetoli, Tanzania. The Ileret prints show that by 1.5 Ma, hominins had evolved an essentially modern human foot function and style of bipedal locomotion.
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B
ipedalism is a key human adaptation that appears in the fossil record by 6 million years ago (Ma) (1). Considerable debate continues over when and in what context a modern human-like form of bipedalism evolved, because of a fragmentary record and disagreements over the functional interpretations of existing fossils and footprints (2-7). Modern human footprints reflect the specialized anatomy and function of the human foot, which is characterized by a fully adducted hallux, a large and robust calcaneus and tarsal region, a pronounced medial longitudinal arch, and short toes (2) . Footprints reflect the pressure distribution as the foot makes contact with the substrate, but also the sediment's geomechanical properties (8) . During normal walking, the weight-bearing foot undergoes a highly stereotypical movement and pressure distribution pattern in which the heel contacts the ground first, making a relatively deep impression on the substrate. This is followed by contact with the lateral side of the foot and metatarsal heads, after which weight transfers to the ball of the foot with peak pressure under the medial metatarsal heads, and finally ending with toe-off pressure under the hallux (9, 10). As a consequence, the deepest part of a footprint often occurs beneath the first and second metatarsal heads, that along with a deep hallucal impression corresponds to the peak pressures at toe-off (10) . The extent to which any pressure, or footprint impression, occurs medially varies with the anatomy of the midfoot, including the height of the longitudinal arch and other factors (11) , and the extent to which lateral toes leave impressions depends on factors such as foot orientation relative to the direction of travel, transverse versus oblique push-off axes, and substrate properties. This contrasts with the less stereotypical pattern of footfall observed in African apes during quadrupedal and bipedal locomotion. Here the heel and lateral mid-foot make contact with the ground first, followed by contact with the lateral toes that are often curled and with a hallux that is often widely abducted. Lift-off in the African apes is variable, but it usually involves relatively low pressure during final contact by both the lateral toes and widely abducted hallux, in stark contrast to modern human foot function (11) .
Here, we report hominin footprints from the Okote Member of the Koobi Fora Formation (12), second in age only to the mid-Pliocene (3.7 Ma) Laetoli prints (13) , located close to Ileret, Kenya ( Fig. 1 ; site FwJj14E; latitude 4°18′44′′N, longitude 36°16′16′′E). The footprints are found in association with animal prints on two stratigraphically separated levels and were digitized with an optical laser scanner ( Fig. 1) (14) . The upper surface contains three hominin footprint trails comprising two trails of two prints and one of seven prints, as well as a number of isolated prints (Figs. 2 and 3 and figs. S3 and S6 to S11). The lower surface, approximately 5 m below, preserves one trail of two prints and a single isolated hominin print (Fig. 3) . The footprints occur within a 9-m-thick sequence of fine-grained, normally graded, silt and sand units deposited as overbank flood deposits with evidence of paleosol development. Interbedded within this succession are three fluvially reworked volcanic ashes; the upper ash (Northern Ileret Tuff) forms a prominent landscape bench that correlates with other nearby sites where traces of hominin activity have been recovered (15) and is unconformably overlain by the Galana Boi Formation of Holocene age (12) . The ash layers are correlated geochemically to dated tuffs within the Turkana Basin, thereby providing an age of 1.51 to 1.52 Ma for the upper tuff and 1.53 Ma for the lower tuff ( Fig. 1) (14, 16) .
The prints from both the upper and lower levels at FwJj14E have a well-defined, deeply depressed and adducted hallux; visible lateral toe impressions that vary in depth of indentation; a well-defined ball beneath the first and second metatarsal heads; and a visible instep reflecting a medial longitudinal arch. The angle of hallux abduction, relative to the long axis of the foot, is typically 14°compared to, and statistically distinct from (table S4) , 8°for the modern reference prints and 27°for the Laetoli prints (Fig. 4A) . The morphology of the Ileret prints suggests that the feet of these hominins had functional medial longitudinal arches. In prints FUT1-2 and FLI1, for example, the medial side of the mid-print is slightly raised, indicating a lack of substrate impression in this area (Figs. 2 and 3) . A comparison of the instep width relative to the width in the metatarsal head region shows that the upper prints at FwJj14E fall within the modern human range and are distinct from the relatively wider insteps characterizing the Laetoli prints (Fig. 4C) . The FwJj14E lower prints show more variability; the two prints that differ from modern human prints appear to have undergone taphonomic mediolateral compression ( fig. S13) . Most of the Ileret prints are similar in length to the longest modern human prints ( fig. S19 ), although the isolated footprint on the lower level (FLI1; Fig. 3 ) is significantly smaller, despite a similar gross anatomy, and may represent a subadult.
The contours of the upper-and lower-level FwJj14E prints suggest a modern human-like toe-off mechanism, in contrast to the more ambiguous evidence from the Laetoli footprints (Fig. 4B) fig. S19 ). In the majority of the modern human prints, the normal shift in pressure from lateral to medial in late stance phase, with peak medial pressures, is registered in the greater medial depth. However, the variability shows that fully modern feet during walking can also produce prints with greater lateral depth ( fig.  S19) (3, 6) , demonstrating variability in the foot function, something that is further complicated by the geomechanical properties of the substrate. Therefore, a laterally concentrated depth cannot, in itself, rule out (for instance, in the Laetoli prints) a foot structure capable of medial weight transfer in late stance phase. However, the modern human-like relative instep width (Fig.  4C ) and medially concentrated ball impression in the Ileret prints provide compelling positive evidence of a medial longitudinal arch and the medial pressure shift and push-off from the ball of the foot beneath the medial metatarsal heads. These are hallmarks of modern human walking that can be related to a long stride with extended lower limbs, key to the energetic efficiency of human walking (17) .
Inferences about stride are possible from the short trails at FwJj14E. The longest trail (FUT1) consists of seven prints, initially with three closely spaced prints suggesting an individual either standing with feet astride or who slowed before walking forward with an increasing step length (Fig. 2) . Typical stride lengths vary from 460 to 785 mm, with step lengths in the range of 431 to 536 mm in the direction of travel; foot angles vary, but are typically parallel to the direction of travel, diverging by 1°to 24°. Using the average of the last three strides (average = 876 mm) and a hip height of 860 mm estimated from foot length 14) . This is a slow speed consistent with someone beginning to walk from a standing (or slowed) position and the variability in step lengths may attest to the challenges of walking on an uneven muddy surface already marred by a range of animal prints. Although precise foot-to-stature ratios are unknown for early Pleistocene hominins, we use as a rough estimate ones developed for Australian Aborigines (18) and Kenyan Dassenach (14) , on the basis that their statures are adapted for a semiarid environment. Using this relationship, we estimate the average height of the individuals from the prints on the upper surface to be (table S2) . The large stature and mass estimates derived from the Ileret prints compare well with those of Homo ergaster/erectus on the basis of postcranial remains and are significantly larger than postcrania-based stature and mass estimates for Paranthropus boisei and Homo habilis (table S3) (19) (20) (21) , suggesting that the prints at FwJj14E were made by Homo ergaster/erectus individuals.
Behrensmeyer and Laporte (22) Ma (14) . Re-excavation of these prints uncovered four of the original seven prints and a new print, and the two best-preserved examples are comparable to those at FwJj14E (14) .
To further evaluate the morphology of the prints at FwJj14E and compare them objectively with samples of modern human and Laetoli footprints, we digitized 13 landmarks on each footprint scan and used generalized Procrustes analysis to compare their shapes (14) . Figure 4D shows thin plate splines and landmark vector maps comparing the mean landmark positions (in two dimensions) of the Ileret prints with the modern human and Laetoli prints (14) . When the prints from the two levels at FwJj14E are compared, both surfaces show similar anatomical differences from the modern prints, with a narrower heel and ball area and a wider instep associated with less pronounced arch elevation (Fig. 4D and fig. S20 ). When compared to the Laetoli prints, the Ileret prints have a more contracted proximal mid-foot region, including a deeper instep (Fig. 4D) , suggesting the presence of a medial longitudinal arch. The location of the narrowest point of the instep also lies farther forward (more distal) in the Laetoli prints than in both the modern and Ileret prints, possibly reflecting differences in foot proportions or a lack of definition of the instep. Discriminant analysis was also used to compare the different print populations (14); 8 of the 10 prints at FwJj14E used in the analysis were classified with modern prints and two with Laetoli prints (table S6) .
The Ileret footprints show the earliest evidence of a relatively modern human-like foot with an adducted hallux, a medial longitudinal arch, and medial weight transfer before push-off. Although we cannot conclude with certainty what hominin species made the footprints at FwJj14E or GaJi10, these modern human characteristics, in combination with the large size of the prints, are most consistent with the large size and tall stature evident in some Homo ergaster/erectus individuals (19, 20) . These prints add to the anatomical (19, 20, 23) and archaeological (24, 25) evidence pointing to a major transition in human evolution with the appearance of hominins with long lower limbs, conferring advantages at a lower energetic cost (26) , and archaeological indications of activities in a variety of ecological settings and the transport of resources over long distances (27) . These lines of evidence, together with the earliest evidence of a relatively modern foot anatomy and function, support the hypothesis that this was a hominin with a larger home range related to increasing average body size and enhanced dietary quality (28) . These factors add to an emerging picture of the paleobiology of H. ergaster/erectus that suggests a shift in cultural and biological adaptations relative to earlier hominins.
